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DEPOSITION OF THIN, TAPERED ALUMINUM FILMS 
ABSTRACT 
A t apered  f i l m  i s  def ined  as one i n  which t h e  t h i c k n e s s  changes monotonical ly  i n  a  
given d i r e c t i o n .  The exper imental  s e t u p  and procedures  t o  o b t a i n  a  t apered  aluminum f i l m  
with  a  l i n e a r  t h i c k n e s s  g r a d i e n t  a r e  d e s c r i b e d  i n  t h i s  r e p o r t .  
INTRODUCTION 
We d e f i n e  a  t apered  f i l m  a s  one i n  which t h e  t h i c k n e s s  changes monotonical ly  i n  a  
given d i r e c t i o n .  A t a p e r e d  f i l m  i s  needed f o r  making a  magnet ic  t h i n  f i l m  w i t h  s p e c i a l  
p r o p e r t i e s .  I t  has been known t h a t  t h e  c o e r c i v e  f i e l d ,  H o f  a  magnetic f i l m  depends 
C '  
on t h e  s u r f a c e  c o n d i t i o n  o f  t h e  s u b s t r a t e .  A rough s u r f a c e  t e n d s  t o  i n c r e a s e  t h e  H 
C 
v a l u e  o f  a  f i l m ,  which means t h a t  a  h i g h e r  e x t e r n a l  f i e l d  i s  r e q u i r e d  t o  swi tch  t h e  f i l m  
from one magne t iza t ion  t o  ano ther .  I t  i s  a l s o  known t h a t  t h e  s u r f a c e  c o n d i t i o n  o f  a  
metal  f i l m  depends on i t s  t h i c k n e s s .  A s  a  r u l e ,  t h e  roughness of  a  f i l m  s u r f a c e  i n c r e a s e s  
wi th  t h i c k n e s s .  Th i s  i s  p a r t i c u l a r l y  t r u e  wi th  s o f t  me ta l s  l i k e  aluminum, go ld ,  and s i l v e r .  
In o u r  des ign  o f  a  magnetic t h i n - f i l m ,  s u r f a c e - c u r r e n t  s e n s o r ,  a  f i l m  w i t h  
graded 14 v a l u e s  i s  r e q u i r e d .  Such a  magnetic p r o p e r t y  can be o b t a i n e d  by d e p o s i t i o n  o f  
C 
a  magnetic f i l m  on to  a  s u b s t r a t e  w i t h  graded roughness .  A t a p e r e d  aluminum f i l m  o f f e r s  
t h e  4 e s i r e d  graded-roughness s u r f a c e  f o r  a  graded H f i l m .  The t echn ique  t o  o b t a i n  a  C 
t a p e r e d  aluminum f i l m  i s  d e s c r i b e d  i n  t h i s  r e p o r t .  
GENERAL ANALYSIS 
The method we used t o  d e p o s i t  a  t a p e r e d  f i l m  was modeled a f t e r  a  t echn ique  
developed by Prof .  S. Matsush i t a  of Osaka U n i v e r s i t y .  A l i n e  source  o f  aluminum i s  used 
i n  con junc t ion  with  a  s t a t i c  s h u t t e r ,  which i s  p laced  midway between t h e  source  and 
s u b s t r a t e  and t h u s  shadows p a r t  o f  t h e  s u b s t r a t e .  The scheme i s  shown i n  F ig .  1. 
A s  a  f i ' r s t  approximat ioa ,  t h e  f i l m  t h i c k n e s s  a t  any p o i n t  o f  t h e  s u b s t r a t e  depends 
011 t i le l e n g t h  o f  t h e  l i n e  source  observable from t h a t  p o i n t .  F O ~  an example, p o i n t  A 
"sees" t h e  t o t a l  l e n g t h  o f  t h e  l i n e  source ,  whi le  p o i n t  B ,  which i s  t h e  midpoint on t h e  
s ~ l b s t r a t e .  s e e s  on ly  h a l f  of t h e  l i n e  source .  Thus, t h e  f i l m  t h i c k n e s s  a t  p o i n t  B w i l l  
be h a l f  o f  t h a t  a t  p o i n t  A .  By s imple  geomet r i ca l  c o n s i d e r a t i o n s ,  it can be shown t h a t  
t h e  t h i c k n e s s  g r a d i e n t  o f  t h e  f i l m  d e p o s i t e d  under t h e  proposed c o n f i g u r a t i o n  i s  l i n e a r .  
The approximation i s  good when t h e  s u b s t r a t e  i s  l o c a t e d  a t  a  r e a s o n a b l e  d i s t a n c e  from . 
t h e  l i n e  source .  
The f i n a l  des ign  o f  t h e  d e p o s i t i o n  f i x t u r e  was i n f l u e n c e d  by o t h e r  c o n s i d e r a t i o n s  
than  t h o s e  d i s c u s s e d  i n  t h e  p rev ious  s e c t i o n .  The s u r f a c e  c o n d i t i o n  o f  t h e  metal  f i l m  
t 
Pumping 
Fig. 1. Schema.ti.c. nf depositinn configuration. 
can be affected by the incident angle of the metal vapor upon the substrate, the c0ndens.a- 
tion rate, and the substrate temperature. In our design, we tried to keep the angle of 
incidence unifor~n across the entire substrate by using as large a substrate-to-source 
distance as practical, and by employing as short a line source as dimensional uniformity 
allows. To achieve temperature uniformity across the length of the substrate, we 
designed our substrate holder so that the glass substrates are supported from the sides, 
thus avoiding heat-sink effects at the ends of the substrate. The substrates are heated 
by radiation, which generally offers good temperature uniformity. The deposition fixture 
is shown in Fig, 2, 
EXPERIMENTAL PROCEDURES 
The aluminum deposition took place in an oil-diffusion pumped system with a suitable 
liquid-nitrogen cold trap. Precautions were taken to minimize the partial pressure of 
O2 and H20 in the vacuum chamber. 
Standard glass microscope slides, each cut to 25 x 38 mm (1 x 1-112 in.), were used 
as the substrate material. The slides went through a cleaning procedure which included 
the following steps: 
Acetone degreasing. 
Distilled-water bath. 
CaC03 paste rub. 
Distilled-water bath. 
Methyl alcohol bath. 
h-Propyl alcohol vapor-degreasing and dehydrating step. 
At the end of the cleaning steps, the slides were mounted mediately on the sub- 
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strate support and the vacuum system was pumped down to 0.133 mPa (10 . Torr) . The 
substrate heater was turned on to raise the substrate temperature to 4S0°C before it was 
allowed to cool to - 2 5 0 ~ ~  for the aluminum deposition. 
We used a standard wire line source, consisting of three 0.51-mm (20-mil) tungsten 
wires and one 0.51-mrn (20-mil) aluminum wire, for the aluminum deposition. The aluminum 
line source was heated to a red $low for 0.5 hr with the substrates shuttered, as a 
cleaning step before the actual evaporation. The evaporation rate was typically 10 nm/s 
(100 ;IS), and the thickness gradient can be controlled from 0.8 to 3.9 nmlmm (200 to 
1000 ;/in.) by adjusting the total evaporation time with the movable shutter. A new 
aluminum line source was used for each evaporation to insure repeatability from run to 
run. 
EVALUATION 
The thickness gradient was determined by an optical densitometer. The densitometer 
was initially calibrated with an aluminum film whose thickness was measured by an optical 
interference method. The tapered film was mounted on a micropositioner whose linear 
Fig. 2 .  Pl~otograph of d e p o s ~ t i o n  f ixture .  
, 
displacement was indicated by a voltage reading taken from a sliding resistor. The light 
transmission through the film was measured by a photodiode and read in amperes. A 
simple computer program was written to give a direct plot of thickness versus position 
from the voltage and current readings. Figure 3 shows a typical plot from a computer 
printout, indicating the thickness gradient of a tapered aluminum film. 
It should be emphasized at this point that the positioning of the static shutter is 
very critical. A slight deviation from the crossover central position, as indicated in 
Fig. 1, will result in a nonlinear thickness gradient. At the. beginning of the project 
most thickness-gradient plots assumed a slanted S shape, as shown in Fig. 4. After some 
analysis, we concluded that the position of the static shutter was responsible for this 
shape. We moved the static shutter 1.5 mm from the original position and thus successfully 
corrected the nonlinearity in the thickness gradient of these tapered films. 
In conclusion, the present facility can produce tapered aluminum films with a linear 
thickness gradient that is controlled by total evaporation time. However, we have not 
yet introduced enough mechanical control in the movable shutter to enable us to pre-' 
determine the gradient for each deposition. 
Distance - mrn 
Distance - rnm 
Fig. 3; Typical thickness vs distance plot Fig. 4. Nonlinearity in the thickness 
of a tapered film. gradient of a tapered film. 
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